A series of 169 standardized chest films was analyzed relative to hemodynamic parameters obtained within 2 hr of the roentgenogram in 86 patients with acute myocardial infarction. The films were evaluated for cardiomegaly using the cardiothoracic ratio and the standardized, external left heart dimension. The radiographic appearance of the pulmonary vasculature was divided into levels of increasing severity: normal, pulmonary venous congestion, interstitial pulmonary edema, alveolar pulmonary edema. These were compared with wedge pressure levels of <12, 13-18, 19-25, and >25 
CHEST FILM AND HEMODYNAMICS IN ACUTE MI
arterial and pulmonary venous hypertension. [1] [2] [3] [4] [5] [6] That the presence of altered hemodynamic patterns can be recognized roentgenographically is undisputed, but the accuracy with which their severity can be estimated is controversial, and most studies have been concerned with correlations between hemodynamic parameters and changes in the chest film in patients with chronic mitral valve disease. Several authors have extrapolated these data and methods to the acute setting and have proposed methods for radiologic evaluation of the hemodynamic status of patients with complications of acute myocardial infarction. 7 8 The availability of flow-directed cardiac catheters has now made it possible to obtain considerable hemodynamic information in patients with acute myocardial infarction.9' 10 Several studies of relatively small groups of patients have appeared in which correlations were attempted between the acute hemodynamic status of the patient and a concurrent chest roentgenogram.' [1] [2] [3] However, the lack of conclusive and consistent findings has prompted us to make a detailed analysis of chest roentgenograms in a group of patients with acute myocardial infarction and to correlate them with concurrently obtained hemodynamic data.
Methods
Admission and follow-up chest roentgenograms were obtained in 86 patients with acute myocardial infarction admitted to the Myocardial Infarction Research Unit. The diagnosis was established on the basis of at least two of the following criteria: 1) a history of prolonged, typical chest pain; 2) electrocardiographic changes indicative of acute myocardial injury; 3) characteristic serial elevations of serum enzymes (creatine phosphokinase, serum glutamic oxaloacetic transaminase and/or lactic dehydrogenase).
Patients were classified clinically by the Myocardial Infarction Research Unit (MIRU) as follows: Class I: (uncomplicated) no Postero-anterior chest films were exposed at enddiastole with the patient supine or in a 450 reclining Circulation, Volume XLVIII, September 1973 position and with inspiration to one liter from functional residual capacity, using a ceiling mounted Carm radiographic system with fixed tube film distances of 36 inches.14 The films were taken on admission to the unit and at 12 to 24 hr intervals thereafter for two to four days.
A total of 169 films were interpreted independently by two observers without knowledge of the patients' clinical or hemodynamic status. The admission chest roentgenogram of each patient was evaluated independently without resort to any other films. For evaluation of subsequent films during the patient's course, the earlier films were used as a basis of comparison.
Radiological Parameters
Patients were classified as having radiologic signs of pulmonary venous hypertension when they had one or more of the following changes: 1) Pulmonary venous congestion. This was defined as a disparity between the caliber of the upper and lower lobe pulmonary vessels, with distention of the upper lobe vessels. 15 Without a previous "normal" film for comparison, diffuse pulmonary engorgement could not always be identified with certainty. 2) Interstitial pulmonary edema was diagnosed if one of the following radiological signs was present: a) septal (Kerley's "B") lines; b) perivascular edema (manifested by "hilar clouding" and loss of definition of pulmonary vascular markings)16; c) poorly defined diffuse reticular pattern (Kerley's "C" lines).5 3) Alveolar edema was defined as confluent shadows of no specific distribution, more or less uniform in density with ill-defined margins. 17 The "bat's-wing" pattern of edema was rarely seen. Serially these shadows frequently changed their appearance and distribution. When more than one of these patterns presented simultaneously, the patient was designated as having the most severe pattern.
The pulmonary artery pressure was estimated indirectly as follows: 1) "MPA/chest ratio" (MPA = main pulmonary artery); this ratio was defined as 100 times the distance from the body midline to the most lateral aspect of the pulmonary outflow segment divided by 1,2 the transthoracic diameter.' 2) The width of the descending right pulmonary artery; this vessel was measured at its widest point near the bifurcation of the artery to the lateral segment of the right middle lobe and above the branching of the middle basilar artery.'8 Often the lateral wall of the airfilled right main stem bronchus was used as the medial boundary of this vessel ( fig. 1) .
The presence or absence of a pleural effusion was recorded.
Cardiomegaly was evaluated on the basis of: 1) The cardio-thoracic (CT) ratio. A ratio greater than .50 was abnormal.
2) The left heart dimension (LHD); this value has been defined as the distance from the midline of the anterior chest to the apex of the left ventricle corrected for magnification and normalized for body surface area.14 An LHD of 53 mm/M2 or greater was considered abnormal. A given interpretation of a chest film was designated as an accurate assessment of the category of the pulmonary wedge pressure provided: 1) alveolar pulmonary edema was present and the PAW was more than 25 mm Hg; 2) interstitial edema was present and the PAW was 19-25 mm Hg; 3) pulmonary venous congestion was present and the PAW was 13-18 mm Hg; or 4) both were normal. Systolic, diastolic, and mean pulmonary arterial pressures also were obtained and were compared with measurements made on the concurrent film by placing the data points on an x-y plot, with measured values on the X axis and estimations from the roentgenograms on the Y axis.
The roentgenographic signs were correlated with hemodynamic data as follows: 1) The value of the initial chest film for estimation of cardiovascular function was analyzed by correlating it with the initial hemodynamic data.
2) The ability of the chest film to reflect a rapidly changing hemodynamic situation was evaluated by comparing all films with the hemodynamic values obtained concurrently, regardless of the temporal relation to admission or the onset of symptoms.
3) The chest film-hemodynamic correlation was evaluated in relation to the period of time which had elapsed since the onset of symptoms, to determine if there was a point in the clinical course when the reliability of the chest film was maximum.
Results

Admission Radiologic Fndings versus Wedge Pressure
In 37 patients (45%) the pulmonary vessels and lungs were normal. In 49 patients (55%) the lungs showed abnormalities attributed to venous hypertension. One patient showed congestion of the pulmonary veins, 32 had interstitial pulmonary edema (38% of the total patients), and In all patients in whom a series of films and concurrently obtained hemodynamics were available, the change in each parameter was plotted against time. Six patients demonstrated a 12 hr lag before the radiographic findings became abnormal in spite of an elevated wedge pressure ( fig. 6 ). In 17 other patients, however, the film remained normal in spite of a wedge pressure which remained persistently elevated for 6 to 24 hr (figt. 7) . In 21 patients, the fall in wedge pressure was not reflected immediately on the film, but required from 1 to 4 days for complete clearing ( fig. 8 ).
Estimation of Pulmonary Artery Pressure
Of the 169 films, 119 were satisfactory for evaluation of the size of the main pulmonary artery and calculation of an MPA/chest ratio, and/or measurement of the diameter of the right descending pulmonary artery. There was no significant correlation between the MPA/chest ratio and the mean pulmonary artery pressure measured on the 
Discussion
The chest roentgenogram has been helpful in evaluating the degree of pulmonary venous hyperpressure. The interstitial edema is present one day tension in patients with mitral valve disease.20 21 A sequence of changes in the pulmonary vasculature has been observed, namely pulmonary venous engorgement, interstitial edema, and alveolar pulmonary edema. The appearance of the pulmonary vasculature has been thought to reflect the severity of the elevated pulmonary capillary wedge pressure in these patients.
The early changes in the pulmonary circulation in pulmonary venous hypertension have previously been documented. A redistribution of blood flow Figure 7 Left lung detail from a patient on three successive days. The films remain normal in spite of elevated wedge pressure. occurs in this early phase with an increased blood flow through the upper lobe vessels and a diminution in the blood flow through the lower lobes.22 23 The chest roentgenographic changes which reflect this altered physiology are said to be generalized pulmonary venous engorgement and a disparity between the dilated upper zone vessels and constricted lower zone vessels. '2 This posttherapeutic phase lag undoubtedly occurs because of the time required for the edema fluid to be resorbed after return to normal wedge pressure. It is conceivable that if one were able to follow more closely and accurately changes in the pulmonary vascularity, better results might be obtained.
In this series we encountered a second type of lag, namely a "diagnostic lag" which was responsible for further lack of hemodynamic-roentgenographic correlation. In this group of patients, a clearly documented elevation in wedge pressure was not reflected immediately on the radiograph; instead there was 12 hr lag before the film reflected the abnormality. This phenomenon may also be explained by the finite period of time required for pulmonary edema to accumulate, either in the interstices or the alveoli, after elevation of the wedge pressure secondary to left ventricular failure. Furthermore, a substantial quantity of edema fluid is most likely required for radiographic visualization.
During the acute phase of myocardial infarction with rapidly changing hemodynamics, one would expect the chest film to be relatively inaccurate because of the above-mentioned mechanisms. Given a lag of up to 12 hr for the radiographic manifestations of moderate left ventricular failure to occur and a lag of up to 4 days for these signs to clear, it is quite possible for a patient to be at an unknown point on two diverging curves in his clinical course, which can lead to serious misinterpretations. Specifically, the left ventricular decompensation which occurs with the acute myocardial infarction may require up to 12 hr to manifest itself radiographically. If the patient receives immediate successful therapy of this event, the wedge pressure could then return to normal at about the time the pulmonary edema appears radiographically, although signs of the edema could then persist on the film for up to four days.
